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Abstract
With the development and application of vehicle license plate recognition system, a novel trip route estimation method was
proposed. vehicle license plate recognition vehicle path estimation method was proposed, first used GRUBBS to eliminate
then 
using the link flow to supplement and recovery the points OD, through  iterative get the final path flow between the survey
is 
one of the basic data of the intelligent transportation system, which plays an important role in traffic management and traffic
control. According to the instance of Chengcheng County counties arterial road network analysis, this method is feasible, and
the resulting information is basically in line with the actual path.
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1. Introduction
In the face of many traffic problems, it is very important to get the vehicle travel route information. The
vehicle travel route is the basic information of traffic management, control and organization. With the rapid 
development of the study of individual traffic travel behavior and intelligent transportation, the research on
vehicle travel route is very necessary. Wardrop began to study vehicle travel route choice problems at 1900. The
route problem has been got attention more than 100 years of history. The route estimation methods include traffic
assignment method(Daganzo & Sheffi, 1977), the probe vehicle method, wireless network method(Calabrese, Di
Lorenzo, Liu, & Ratti, 2011), vehicle automatic identification method(Jian & Yu, 2012).
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Recently, with the development of video license plate recognition system more and more application of it 
has been used widely. The research on trip OD and trip route based on vehicle license plate recognition system is 
popular. CASTILLO E constructed a survey location optimization method(Castillo, Menéndez, & Jiménez, 
2008). M NGUEZ R proposed a method to select survey location under the budget constraints(Mínguez, 
Sánchez-Cambronero, Castillo, & Jiménez, 2010). Sun Jiang fined a method used the particle filter to obtain the 
trip OD(Jian & Yu, 2012).  
Vehicle travel route and travel OD are interrelated, where OD is the source of the route and route is the 
performance of OD. The research on trip OD based on vehicle license plate recognition system is abundantly, but 
to get the route information from vehicle license plate recognition system still have many problems and 
challenges which is as follows: 
(1).The lack of research about vehicle travel route, only M NGUEZ R had a research on survey location to 
obtain a path through the vehicle license plate system(Mínguez et al., 2010). 
(2).Affected by testing environment, installation conditions and vehicle travel complexity, it is difficult to 
match the full route of vehicle travel information. How to get more accurate vehicle travel route is very 
important. 
(3).Influenced by intensive urban road network and the investment budget constraints, how to get the best 
vehicle travel route information is parity difficulties. 
This proposed the method obtained the trip route from traffic assignment which can get as more as possible 
trip information from a small amount of survey points. The link flow got from other survey ways can make the 
data accuracy. Though iterative algorithm, the error will be in accessible. 
2. The route estimation method base on Vehicle License Plate Recognition System 
2.1. The data of Vehicle License Plate Recognition 
Consider a network ( ) where n is the set of nodes and a is the set of links. The nodes and links of the 
vehicle from O (origin) to D (destination) make up a route(Mínguez et al., 2010). Let  be the set of 
observed links, containing information about plate number ( ), link ( ), and time ( ), i.e.: 
;      1  
Where k is the kth plate scanned, and  is the total number of plates scanned. 
Through the vehicle license plate matching between many video identification survey points, the travel time 
and survey points order of vehicle. From the vehicle route, the data can be divided into two categories: the 
vehicle through a series of survey points;  vehicle successively through a pair of survey points. 
2.2. Network sensor location problem(NSLP) 
The problem of route estimation survey point and OD estimation survey point is similar. The rational design 
of the survey point affects the accuracy of the estimated route. M NGUEZ R,S proposed the root mean squared 
relative error which can solve this problem(Mínguez et al., 2010). Considered the budget constraints, the 
observed link is partly. The model is following: 
    2  
Subject to    3  
   4  
   5  
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Where  is route flow, and  is link flow.  is a binary variable equal to 1 if route r can be distinguished 
from others and 0 otherwise,  is a binary variable which is 1 if link a is scanned and 0 otherwise, and  is the 
available budget. 
2.3. Route estimation technological process 
Detection data from the video recognition technology to obtain the route of the vehicle is divided into five 
steps, described as the process shown in Fig. 1. 
Data of video 
identify system
OD of survey 
points
Prior travel time
Link flow; 
travel time
Traffic assignment of 
shield observed link
Route of 
observed points
 
Grubbs' method
accuracy 
requirements
Trip route
Yes
Recovery the 
data
No
 
Fig. 1 Vehicle route estimation flowchart based on the video identify system 
Step 1 To analyse the data of video identify system. Through the vehicle license plate matching technique can 
get the data of vehicle passes through the two surveys, including traffic flow and travel time .Based on prior 
travel time, error data could be removed through the method of Grubbs' data. All survey  make up the 
survey points successively passes matrix (OD). 
Step 2 To conduct traffic assignment between the survey points successively pass matrix (OD). Between the 
two surveys point there may be multiple routes available, but the route can t include any other survey links. 
Through the shield observed link of the user optimal assignment method for traffic assignment, the traffic flow 
and travel time between the two survey points can be obtained. 
Step 3 Verify the link flow. Compare the link flow by assignment with link flow obtained by other means of 
investigation, to see whether they accord with the accuracy requirements, If true, then proceed to the next step; 
otherwise, use link flow obtained by other means of investigation to recovery the OD of observed points. 
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Step 4 route estimation results. For the  type data, the route probability between two surveys can be 
determined by the route flow. For the  type data, 
points can get the trip route. 
2.4. To eliminate invalid data 
Because of Vehicle License Plate Recognition equipment failures and the complexity of vehicle travel path, 
some matching data is invalid error and need to be removed. We use GRUBBS statistics to get rid of the invalid 
data. Its essence is to give a confidence factor and find the corresponding confidence interval. The criterion is as 
long as the data falls outside the confidence interval; it can be considered an invalid license plate data and be 
removed from a series of measurements(Jibiao, 2012). The algorithm is described below: 
Step 1 Calculate the sample mean 
  6  
Step 2 Calculate the sample standard deviation 
  7  
Step 3 Eliminate the invalid data 
Compared  with 2S, if , Eliminated . Then according to the number 
of detection values and given the significant level (Generally ), Grubbs statistic threshold  
could be detected by look-up table method, then compare it with the statistics value T. In accordance with the 
principles of small probability event does not occur and  Subject to the Gaussian distribution does not 
appear, if , we can considered that the distribution of statistic  is significant difference , and then 
the  contained errors data should be eliminated. 
  8  
Step 4 Repeat the above three-step procedure until all the measurement data meet criteria. 
2.5. traffic assignment of shield observed link 
Traffic assignment on the OD of survey points can get the route flow and travel time of the route. As a vehicle 
have successively passed the two observed points (r, s), the vehicle no longer go through any other survey points 
on the way. So the assignment should shield the observed link. For example, the route k of (r, s) included the 
observed link a, then the route flow of k should be null. 
This paper use the principle of user equilibrium putted forward by Wardrop(Wardrop, 1900). When the 
equilibrium is reached, all used routes have minimum and equal resistance, the other route have bigger or equal 
resistance. Calculations use Beckmann model(Daganzo & Sheffi, 1977) and modify its model, the modified 
formula is as follows: 
  9  
Subject to:  10  
  11  
  12  
Where  is the flow-variable resistance function of link a,  is the OD flow between (r, s),  is the kth 
flow of (r, s),  is the flow of link a,  is the link-route related variable, is the variable to shield observed 
link.  is binary variable which is 1 if the link a of (r, s) is in the route kth and 0 otherwise. is a binary 
variable which equal to 1 if link a is  and 0 otherwise. 
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2.6. To supplement and recovery the observed points OD 
Vehicle license plate recognition technology will leak some data; the license which can t match will be 
deleted, when to eliminate invalid data will lost some data too, so it is necessary to supplement and recovery the 
points OD.  
Using link flow  from other survey means to recover the OD of survey points. Ideally, flow of link a equal to 
sums of all route flow which include link a. so, the following formula was got. 
  13  
  14  
  15  
Where  is the traffic flow of link a got by other observed means,  is the route factor which can selected by 
, the route factor should take the conservation value to let the Iterative convergence. Using the new 
update the OD of observed points, the OD of observed points will be more realistic. 
2.7. Route estimation 
Through the traffic assignment and OD data recovery, the probability of vehicles choosing a path between two 
points can be obtained. When a vehicle only passes two observed links (r, s), the probability of this vehicle 
choosing path can be determined by the route flow. If the car passes more than three observed links, connecting 
the route of survey points to get the trip route. Using Bayes' theorem to connect the route of survey points, the 
route selected probability can get. The Bayes' theorem: assuming that there is a complete and exclusive collection 
of events included , , the emergence of an event is a necessary condition of another incident among 
the event , the posterior probability of the event with Bayes' theorem(Jibiao, 2012; Sánchez-Cambronero, 
Castillo, Menéndez, & Jiménez, 2011) can be expressed as: 
 16  
where is the priori probability of the event , which is known conditions,  is the probability of 
event  occurred under the conditions that  is occurred,  is the joint probability of the events  
and events ,  is the posterior probability of the event  under  the condition that event   has occurred, 
which also be called correction probability. 
For route estimation, a vehicle passes observed links , . The route p occurred as the event , the 
route p composited by route , , the pi is the route between  and , the ,  is 
considered to be , . Bayes' theorem can eventually get the probability of a vehicle select route in the 
research road network. 
3. A real example: the Chengcheng network 
In order to understand and test the behaviour of the proposed methods, we take the Chengcheng county of 
Weinan arterial road network topology for example which has 11 nodes and 34 bidirectional links as shown in 
fig. 2. The actual arteries road network is shown in fig. 3. We use the Vehicle License Plate Recognition System 
to estimate the vehicle trip route in Chengcheng, the main computational steps are shown as follows: 
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Fig. 2 the topology of Chengcheng County arterial road 
network Fig. 3 the actual arteries road network of Chengcheng County 
Step 1 Considering the network sensor location problem, selecting the observed link is very important for 
route estimation. If all trip routes are in demand, all links should be observed. Under the funding constraints, in 
the root mean squared relative error model, 8 survey points can be set. the observed links are 
ol={1,2,19,20,21,22,33,34}.  
Step 2 The useful data is the peak hour vehicle license plate data. Using the vehicle license plate matching 
technique, the preliminary matrix OD of observed points can be obtained. Through eliminating the invalid data, 
the matrix OD before iteration was gotten which is shown in table 1.  
Table 1 the matrix OD of observed points 
before iteration  
Table 2 the matrix OD of observed points 
after iteration
OD 1 2 19 20 21 22 33 34  OD 1 2 19 20 21 22 33 34 
1 0 2 0 0 0 0 0 0  1 0 3 0 0 0 0 0 0 
2 1 0 24 5 41 9 17 0  2 2 0 25 5 52 10 21 0 
19 2 0 0 3 4 38 30 0  19 3 0 0 4 5 41 44 0 
20 25 0 8 0 18 2 3 0  20 26 0 8 0 30 3 3 0 
21 1 10 2 32 0 4 39 1  21 1 0 2 42 0 4 42 1 
22 31 0 39 2 7 0 8 0  22 37 0 44 3 7 0 11 0 
33 0 0 0 1 0 0 0 0  33 0 0 0 0 0 0 0 0 
34 19 0 2 28 1 43 2 0  34 20 0 2 35 1 58 5 0 
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Step 3 Using traffic assignment of shield observed link for the matrix OD of observed points, the route flow 
was gotten. 
Step 4 To compare the flow through traffic assignment with the link flow from coil detector, if it isn t meet the 
accuracy, the OD matrix should be supplement and recovery. Through four iterations, the matrix OD of observed 
points was obtained which is shown in table 2.  
Step 5 Through traffic assignment of the matrix OD of observed points after iteration, the route flow of 
observed points was available. The route flow of observed points is shown in fig. 3. Finally, using the Bayes' 
theorem to determine the vehicle trip route, the trip estimation result was gotten, which is shown in table 3. This 
value is consistent with the actual situation. 
 
Fig. 3 The route flow of observed points at Chengcheng 
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4. Conclusion 
With the real demand of the gradual application of the video license plate recognition system  the method of 
vehicle route estimation based on the vehicle license plate recognition system has proposed. The method has been 
tested on Chengcheng arteries road network. The main conclusions of this paper are as follows:  
1. Obtaining the trip route information has great significance to understand the behaviour of vehicle travel. It 
has practical significance to traffic organization and management. The video license plate recognition system can 
get rich information for route estimation. Therefore, the method this paper proposed has a practical significance. 
2. Observed point on the route estimation result has important implications, the location and number of 
observed points will directly affect the accuracy of the path estimation In the Chengcheng example, when the 
vehicle travel has not been any investigated, the route information will not be able to estimate. 
3. The supplement and recovery Survey points OD data can improve the accuracy of route estimation. Instance 
of Chengcheng County showed that the proposed method can get the right results. However, in order to obtain 
more detailed and more accurate results, further study is required. 
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Table 3 the trip route estimation result  
O D links route flow O D links 
route 
flow 
1 2 1,2 3 21 1 21,25,23,18,1 1 
2 1 2,1 2 21 19 21,25,22,19 2 
2 19 2,14,20 21 21 20 21,25,20 26 
2,8,4,9 4 21,29,31,28,24,20 1 
2 20 2,17,24,20 1 21 22 21,22 2 
2,14,19,20 2 21 33 21,29,31,33 31 
2 21 2,14,16,21 38 21,25,23,27,33 11 
2,8,4,6,11,21 11 22 1 22,15,13,1 30 
2,8,4,9,16,21 3 22,12,5,3,7,1 1 
2 22 2,17,24,26,22 2 22,15,10,3,7,1 3 
2,14,19,26,22 2 22,12,5,9,13,1 3 
2,14,16,21,22 1 22 19 22,15,19 37 
2,17,27,32,30,22 1 22,12,5,9,19 7 
2 33 2,17,27,33 10 22 20 22,21,29,31,33 1 
2,14,16,21,29,31 9 22,15,19,20 1 
2,17,24,26,29,31 1 22 21 22,21 5 
19 1 19,23,18,1 1 22,12,11,21 2 
19,20,13,1 1 22 33 22,15,13,17,27,33 5 
19 20 19,20 2 22,21,29,31,33 3 
19 21 19,26,22,21 1 22,15,19,26,29,31,33 1 
19 22 19,26,22 29 34 1 34,32,30,22,15,13,1 10 
19 33 19,23,27,33 29 34,28,18,1 5 
19,26,29,31,33 15 34,32,30,25,20,13,1 2 
20 1 20,13,1 22 34,32,30,22,12,5,3,7,1 1 
20,10,3,7,1 4 34 19 34,28,18,14,19 1 
20 19 20,19 8 34,32,30,25,20,19 1 
20 21 20,16,21 21 34 20 34,32,30,26,20 21 
20,10,6,11,21 2 34,24,20 14 
20 22 20,,19,26,22 1 34 21 34,32,30,22,21 1 
20,16,21,22 1 34 22 34,32,30,22 43 
20 33 20,13,17,27,33 2 34,28,24,26,22 15 
20,10,3,7,17,27,33 1 34 33 34,33 3 
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